This paper presents the design of a small printed ultra wideband antenna with Band Notched characteristics. Both the free space and on-body performances of this antenna were investigated through simulation. The newly designed UWB antenna is more revised small form factor sized, with the ability to avoid interference caused by WLAN (5.15 -5.825 GHz) and WiMAX (5.25 -5.85 GHz) systems with a band notch. The return loss response, gain, radiation pattern on free space of the antenna were investigated. After that, the on-body performances were tested on 3-layer human body model with radiation pattern, gain, return loss, and efficiency at 3.5, 5.7, 8, 10 GHz and all the results were compared with free space results. As the on-body performance was very good, the proposed antenna will be suitable to be used for multi-purpose medical applications and sports performance monitoring.
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The basic mechanism of Ultra-wideband communications is different from other existing communication techniques. UWB networks use immensely narrow RF pulses to communicate within receivers and transmitters. Short duration pulses are the main building blocks, which intensely creates a wider bandwidth and includes various advantages, such as covertness, large throughput, less vulnerable to jamming, and in the meantime, coexistence with existing radio services.
Traditional Ultra Wideband antennas are mostly multi-narrowband antennas whereas, antennas are supposed to be optimized for receiving a coherent signal across their entire operating bandwidth. Moreover, an ideal Ultra Wideband antenna should be capable of operating on all frequencies between 3.1 to 10.6 GHz at the same time. For this reason, the performance and the behavior of a UWB antenna must be consistent and its nature should be predictable throughout the entire band.
One of the major fields of Ultra Wideband communication is the body-centric wireless networks or, BCWN in short. Body-centric wireless network uses various sensors with multiple units dispersed throughout the human body to obtain necessary physiological information, as it is used in healthcare centers for monitoring patients various physical conditions [2] [3] . A human body wearable base station will be set to receive the required physical data measured and obtained by the sensors spread on the human body. However, Antennas are the key element in body-centric wireless communications. They play a significant role to optimize performance of radio signals. The range of application of Body-centric wireless networks covers from monitoring chronic disease patients and elderly care to general wellbeing observation and various sports performance analysis [2] [3]
[4] [5] .
In the recent few years, keeping pace with the increasing growth of interest on the UWB technology in wearable applications, researchers got attracted on researching Body-centric UWB antennas worldwide [3] [6]- [12] . Designing of UWB antennas gets more complicated for wireless body area network (WBAN) because of difficulties in predicting human body environment and in the same time miniaturization in physical dimensions. These constraints need to be taken into account while designing UWB antennas for wireless body area network.
The performance of an antenna on free space operation differs from the performance of the same antenna placed near/on the human body; as the human body acts as a lossy medium. Human body tissues' electromagnetic absorption phenomenon creates trouble into the radio signals by changing radiation patterns and efficiency, making distortions, changing antenna impedance or sometimes by shifting frequencies. Thus, body centric antennas' designing is a challenging work [7] .
The FCC; Federal Communication Commission, has assigned the frequency band for Ultra Wideband from 3.1 GHz to 10.6 GHz [13] . Meanwhile GHz) are making some interference within this range [14] . For this reason, the overall performance of UWB systems degrades in terms of bit error rate and creating pulse distortions [15] . Thus, it becomes mandatory to design UWB antennas with band notched characteristics in above mentioned frequency bands to ensure robust and interference free UWB antenna.
There are numerous antenna designs designed by the researchers all over the world that can qualify to achieve UWB bandwidth characteristics. Designs like Vivaldi antennas operate on UWB but its Omni-directional restrictions make them not suitable for portable or wearable indoor uses. On the same time mono-conical, bi-conical, spiral and log periodic antennas are also not suitable for wearable devices for their bulky shapes and bigger physical dimensions and dispersive behavior and ringing effect [16] . For this reason, printed monopole compact antennas are the best option for wearable devices or in different indoor uses.
Although, we notice the increasing interest in research and development in the field of designing Ultra wideband wearable antennas in the recent few years, unfortunately, there have been no dramatic development in the designing of wearable UWB antennas [9] [12] . Three different wearable microstrip UWB antennas were presented by Chen et al. while there operating frequency is lower portion (3 to 5 GHz) of the UWB frequency band [9] . Time-domain characteristics of an aperture-stacked body-worn UWB patch antenna were presented through numerical modelling by Klemm et al. [10] . A planar inverted cone antenna (PICA) with an omnidirectional monopole pattern shows comparatively better performances for on-body wireless communications. This was experimented with a comparison between two distinct modeled UWB antennas [17] .
However, these antennas are somewhat larger in dimensions.
A perfectly designed ultra-wideband antenna can optimize hundreds of tasks in the field of medical services and entertainment, especially, when equipped in a wearable lightweight device. A miniaturized wearable electronic device with a UWB technology can serve the requirements of extremely high data transmission rate with a limited range, can connect all devices that a person caries & cooperate them with one another. To avoid interferences with other existing networks and serve the purpose flawlessly a band notch is also mandatory. This research work has taken the inspiration from all those matters by creating a new, innovative, and effective design.
In this paper, a small printed band notched UWB antenna is proposed. The band notch has been achieved by etching multiple slots on the patch. Simulations were done on CST Microwave Studio electromagnetic simulator. The proposed antenna was studied in close proximity to the human body simulation model for on-body communications.
The rest of this paper is arranged as follows. Section II describes the antenna design and dimensions. Section III presents the performance parameters of the antenna with simulation. In Section IV, the performance of the proposed anten-Journal of Electromagnetic Analysis and Applications na was investigated by simulating on a human body model and finally, Section V draws the conclusion of the paper. Figure 5 Shows the free space radiation patterns of 10 GHz on both XY and XZ plane.
Antenna Design

Radiation Patterns
Gain
Simulated free space gain of the proposed antenna on 3. 
On-Body Simulation
For On-Body simulation, a human body model consists of three outermost layer of human body (skin, fat, and muscle) was made. The average thickness of an adult human skin is roughly around 2 mm [18] and fat is taken 10 mm [19] .
With these layers, 10 mm depth of the muscle was taken into account. Figure 6 shows how the antenna was placed with the 3-layer human body model.
An empty space of 4 mm was kept between the antenna and the skin layer for on body simulation tests.
On body simulation test is divided into four sections. As the human body models elements have different electric conductivity and relative permittivity for different frequencies therefore, it required individual simulation tests for different frequency segments. The manually configured materials for human body model were created based on four different frequencies. They are, 3.5 GHz, 5.7
GHz, 8 GHz, and 9 GHz. For this reason, the full simulation was segmented into four frequency ranges; 2 GHz to 5 GHz, 5 GHz to 7 GHz, 7 GHz to 9 GHz and 9
GHz to 11 GHz and ran simulation tests for 3.5 GHz, 5.7 GHz, 8 GHz, and Journal of Electromagnetic Analysis and Applications 9 GHz respectively. Finally, they were merged altogether to compare with free-space simulation test results. Table 1 shows Electric conductivity and relative permittivity of different layers on different frequencies [20] .
On-Body Return Loss Curve
After putting the antenna above the human body model, return loss curve has changed a bit as expected; as placing an antenna next to a lossy medium like, human body, its electromagnetic absorption reduces its radiation efficiencies and some pattern distortions by such unpredictable changes in antenna impedance. Comparison between free space and on-body return loss curve is shown in Figure 7 .
The entire return loss curve was slightly left shifted. However, the notched frequency band remains perfect. On the on-body simulation s11 curve, several bands on 3.2 to 3.8 GHz and 7 to 10.5 GHz shows better return loss response.
On-Body Radiation Pattern
Comparison between the radiation patterns for free space and on-body test of the proposed antenna was simulated on 3. GHz) exhibits mostly omnidirectional patterns, as the Omni-direction is the best suit for UWB applications, while on-body patterns are very slightly irregular on XY plane due to the human body placement behind the antenna, which is a natural case. However, the overall patterns for both free space and on-body tests are quite good.
Bandwidth
On body simulation test provides little bit narrower bandwidth than the free space conditions which is visible in Figure 6 plotting. In free space condition, the bandwidth existed almost all the frequencies of UWB's bandwidth (3.1 to 10.6 GHz) except the notched portion in the middle. On-body test exhibits 
Gain
For On-Body simulation, the antenna was placed in front of the human body three layer model keeping 4 mm of vacant space. The on-body gain of the proposed UWB antenna shows some differences with the free space simulation as expected. Table 2 shows the comparison of gains on four different frequencies (including a sample frequency of 5.7 GHz inside the notched limit) between free space and On-body simulation.
Efficiency
Both the free space and on-body efficiencies of the proposed antenna are reasonable. More like the other results, on body test produces some loss of efficiency on the simulations but still in a very good acceptable condition. The following Table 3 presents the comparisons between the free space and on-body efficiencies on the notable frequencies.
From the data of Table 2 and Table 3 , it is clearly visible that 5.7 GHz displays a poor result in terms of both gain and efficiency, which indicate the effectiveness of the band notch. In addition, the on-body test results are very much stable and similar to the free space on greater frequencies.
Conclusion
In this paper, a small printed compact UWB band-notched antenna was proposed and its free space and on-body performances were investigated. The antenna was perfectly band notched to avoid interference with other existing networks. Simulated gains were compered and majority of the results shows very much acceptable. We strongly believe that, the antenna can serve perfectly on practical working fields like, healthcare or sports facilities.
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